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Abstract 
We applied die-coating process to making thin films on plastic-tape substrates in order to enable continuous, high 
speed fabrication for textile integration. A high coating speed of 20 m/min was successfully attained in the formation 
of regioregular poly(3-hexylthiophene) (P3HT):[6,6]-phenyl C61-butyric acid methylester (PCBM) and poly(3,4-
ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) layers on polyethylene terephthalate (PET)/indium 
tin oxide (ITO) substrates, for the first time to the best of our knowledge. In order to confirm that those layers can be 
applied to devices, we fabricated PET/ITO/PEDOT:PSS/P3HT:PCBM/Al photovoltaic thin-film devices (width: 5 
mm). Film was woven at an interval of 7 mm to form the sheet sample with the dimension of 120 mm u 120 mm. 
Current-voltage (I-V) characteristics of the active part of the devices were confirmed. 
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1. Introduction 
Recently, fiber-type or tape-type devices and textile integration have attracted much attention because 
of their advantages such as low cost, thinness, flexibility, and light weight [1,2]. As for making films on 
fiber-type substrates, coating processes have advantages such as low-cost processing machine and high 
speed making. Die-coating processes with high speeds are industrially used. For instance, in the coating 
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for protection of glass fiber, velocities of substrates are over several hundred m/min. However, the film 
thickness coated with conventional die coaters is over 10 ȝm because of the difficulty of controlling film 
thickness [3,4]. In order to fabricate films with thickness of several hundred nanometers which can be 
used for electronic devices, the control of coating film according to thickness changes of base materials is 
required. In this study, we examined closed-type die-coating application for thin-film formation. Several 
studies for solar-cell fabrication by roll-to-roll process have been reported [5,6]. We applied this film-
forming technique to fabrication of a laminated-type device like an organic thin-film solar cell. We 
formed poly(3,4-ethylenedioxythiophene):poly(4-styrenesulfonate) (PEDOT:PSS) hole-injection layer 
and regioregular poly(3-hexylthiophene) (P3HT):[6,6]-phenyl C61-butyric acid methylester (PCBM) 
active bulk-heterojunction (BHJ) layer in thin-film solar cells by die coating, and performed the 
manufacture of photovoltaic tapes. For actual use, two-dimensional integration of the fibrous devices 
should be performed by weaving etc. In this paper, the plain weave from the 5 mm-wide samples was 
performed to make a device in the shape of a sheet, and current-voltage (I-V) characteristic of the device 
was confirmed. 
2. Experimental and results 
Figure 1(a) shows experimental apparatus for film fabrication. Polyethylene terephthalate (PET) 
substrates (width: 5 mm, thickness: 100 Pm) with indium tin oxide (ITO) are continuously moved, and 
coated by solution with a coating tool (Fig. 1(b)). The quantity of applied solution must be constant in 
spite of change of the thickness of substrates in order to obtain the film with an uniform thickness on the 
surface of the PET substrates. On the other hand, the spread of solution is influenced as a feature of 
conventional dip-type die coating by the gap between die and the surface of a substrate [7]. In order to 
solve this problem,the base of our stage has a mechanism which keeps the pressure of solution to be 
constant in the die, and then thickness control was accomplished by pressure control in the die. Fig. 2(a) 
 
              
(a)                                                  (b) 
Fig. 1. (a) Reel to reel apparatus. It has a coating unit and a heat treatment unit in process area.; (b) Picture of coating process 
 
        
(a)                          (b) 
Fig. 2. (a) Effect of pressure in die on film thickness; (b) Effect of solution pressure on the gap between die and substrate  
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 (a)                                               (b)  
Fig. 3. (a) Device structure fabricated in this study. Die-coating process was applied to formation of PEDOT:PSS and P3HT:PCBM  
layers.;  (b) Cross section of the film device 
shows the effect of pressure in the die on film thickness. PEDOT:PSS (Heraeus; CLEVIOS P VP AI 
4083) was coated on PET/ITO substrate. When the gap was fixed, the film thickness is related to the 
pressure in the die. During actual coating, the stage is raised by air cylinders (CKD; LBC-05) by fixed 
load in the y direction (see Fig. 1(b)), and is moved up and down according to the pressure of solution. As 
a result, the solution pressure in the die is adjusted aiming at a specific value, and then the gap is 
determined. Figure 2(b) shows the dependence of the gap on solution-supply pressure in the application 
using a movable type stage. Adjustment of the gap by the pressure in the die has been confirmed.  
The device structure fabricated in this study is depicted in Fig. 3(a). The Film consisted of 
PET/ITO/PEDOT:PSS/P3HT:PCBM/Al organic photovoltaic cell structure. 5-mm-wide PET/ITO 
substrate was used. Die-coating process was applied to formation of PEDOT:PSS and P3HT:PCBM  
layers. PEDOT:PSS dispersion liquid and P3HT:PCBM toluene solution (1:1, w/w, 30 mg/cc) were used 
as application materials. P3HT:PCBM solution was agitated at 80oC before coating. The film thickness of 
each layer was adjusted by liquid-supply pressure. By way of efficiently heat-treating, solutions were 
heated 80oC in the die. After the coating process, substrates passed through a heating zone. The heating 
zone consisted of a carbon tube in an infrared image furnace filled with N2.The substrate was heated at 
approximately 140oC by the output adjustment of the furnace. If the substrate vibrates and approaches the 
carbon tube, it will be cut off by extreme heating. Thus, the amplitude of the vibration of the substrate in 
the furnace was suppressed within ±0.5 mm. Using the above components, the coating speed of 20 m/min 
was successfully attained in the formation of P3HT:PCBM and PEDOT:PSS layers on PET/ITO substrate. 
Such high speed for thin-film formation has not yet been reported. The film thicknesses of 100 nm for 
PEDOT:PSS and 250 nm for P3HT:PCBM were confirmed by a cross sectional observation after film 
forming as shown in Fig. 3(b). Coated film was cut at 120 mm in length, and aluminum electrodes (width: 
3mm, thickness: 100nm) were vapor-deposited.  
The plain weave of the photovoltaic elements was performed at the interval of approximately 7 mm. 
Then, Cu electrodes for measurements were connected to ITO and aluminum layers at the end of each 
element (see Fig. 4(a)). I-V characteristics was measured under light irradiation (100 mW/cm2, diameter: 
20 mm) at the center of the sheet as shown in Fig. 4(b). When the weaving was performed, ribbons were 
distorted in a bend radius of approximately 10 mm in the length direction. In spite of this bending, current 
density-voltage (J-V) characteristic was not deteriorated; experimental results were practically unchanged 
before and after weaving. For further improvement of device performance, oxygen-concentration 
reduction of the pass of the substrate, film-thickness optimization of each layer, and the prevention from 
degradation by the sealing of the device periphery are considered, which are open for future studies.  
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(a)                                                                                         (b) 
Fig. . (a) Woven photovoltaic sheet with a dimension of 120 mm u 120mm.; (b) J-V characteristic of the photovoltaic sheet 
3. Conclusions 
We succeeded in applying die-coating process to the formation of P3HT:PCBM and PEDOT:PSS thin 
films on PET/ITO substrate, and obtained the result of the high coating speed of 20 m/min for the first 
time. Using die-coated layers, PET/ITO/PEDOT:PSS/P3HT:PCBM/Al photovoltaic film was fabricated. 
The woven photovoltaic sheet with the dimension of 120 mm u 120 mm was fabricated by weaving. The 
sheet showed the photovoltaic characteristic. Therefore, we demonstrated the possibility of the weaving-
type electronic devices using the continuous film formation with high-speed die coating. 
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